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ABSTRACT 
A continuous record of  ionospheric  e l ec t ron  content over a f ixed 
raypath can be obtained by measuring t h e  Faraday r o t a t i o n  of  l i n e a r l y  
polar ized VHF transmissions from geos ta t ionary  s a t e l l i t e s .  A polarimeter 
system i s  descr ibed ,  which c o n s i s t s  of a r o t a t i n g  antenna and a rece iver /  
phase-meter instrument t h a t  can be economically constructed t o  perform 
t h i s  measurement. De ta i l s  of cons t ruc t ion ,  alignment, and operat ion a r e  
discussed.  
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Chapter I 
INTRODUCTION 
When t h e  Stanford Center for  Radar Astronomy i n i t i a t e d  measurement 
of the in t e rp l ank ta ry  e l e c t r o n  content using t h e  Pioneer series of deep 
space probes,  it w a s  necessary t o  perform a simultaneous independent m e a -  
surement of t h e  s u b s t a n t i a l  cont r ibu t ion  of t he  ionosphere t o  der ive  t h e  
in t e rp l ane ta ry  va lues .  Ear ly  techniques used Faraday r o t a t i o n  and d i f -  
f e r e n t i a l  doppler d a t a  obtained from VHF t ransmissions of t h e  Explorer 22 
and 27 s a t e l l i t e s .  These data were of l i m i t e d  value because of t he  small 
number of ionospheric  po in ts  obtained when compared t o  the t o t a l  t i m e  
t h a t  Pioneer w a s  observed. The s i t u a t i o n  improved considerably with t h e  
a v a i l a b i l i t y  of  VHF t ransmissions from geos ta t ionary  satel l i tes  of t h e  
Syncom and ATS s e r i e s .  By measuring t h e  Faraday r o t a t i o n  of these  l i n -  
e a r l y  polar ized s i g n a l s ,  t he  ionospheric e l ec t ron  content can be contin- 
uously recorded. 
The Pioneer experiment and o ther  ionospheric  research being conducted 
a t  Stanford Universi ty  prompted t h e  development of inexpensive polar imeters ,  
t h e  latest of which is described i n  t h i s  r e p o r t ;  Figs.  1 and 2 a r e  photo- 
graphs of i t s  r o t a t i n g  antenna system and t h e  receiver/phase meter in s t ru -  
ment. Su f f i c i en t  information concerning t h e  design, cons t ruc t ion ,  a l ign-  
ment,  and opera t ion  i s  provided i n  t he  following chapters  t o  allow dupl i -  
c a t i o n  of the system which then can be employed i n  many areas  of research 
where t h e  ionosphere is  involved. 
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Fig. 1. ANTENNA SYSTEM. 
Fig. 2. RECEIVER/PHASE-METER INSTRUMENT. 
2 
Chapter I1 
THE VHF POLARImTER 
The a v a i l a b i l i t y  of l i n e a r l y  polar ized VHF s i g n a l s  from geos ta t ionary  
satel l i tes  such as Syncom and ATS has l e d  t o  t h e  development of  t h e  Stan- 
ford VHF polar imeter .  This instrument measures t he  change i n  t h e  Faraday 
r o t a t i o n  of VHF t e l e m e t r y  and beacon t ransmissions from these s a t e l l i t e s  
and thus  produces a continuous de t a i l ed  record of ionospheric e l ec t ron  con- 
t e n t  over a f ixed raypath.  I n s t a l l a t i o n  of  a number of t hese  r ece ive r s  
a t  strategic loca t ions  allows observat ion of t o t a l  e l ec t ron  content and 
irregularit ies such as t r a v e l i n g  d is turbances  i n  s p a t i a l  and temporal 
planes.  The advantages of the  geos ta t ionary  s a t e l l i t e  over t h e  lower or- 
b i t  types  are important f o r  t h i s  app l i ca t ion  because t h e  f ixed raypath 
permits  t he  c o l l e c t i o n  of accura te  long-term data w i t h  l i t t l e  manual a t -  
t e n t i o n  requi red .  
I n  t h e  area of deep-space r e sea rch ,  the polarimeter i s  serv ing  w e l l .  
Measurements of t h e  in t e rp l ane ta ry  e l e c t r o n  number dens i ty  by group-de- 
l a y  methods between deep-space probes (Pioneer,  Mariner) and ground-based 
t r a n s m i t t e r s  at Stanford Universi ty  have ex tens ive ly  u t i l i z e d  polarimeter 
data  t o  remove t h e  s u b s t a n t i a l  con t r ibu t ion  of the  ionosphere from t h e  
t o t a l  measurement. In  add i t ion ,  as the  p rec i s ion  of S-band ranging t o  
spacecraf t  has increased, t h e  need for accounting f o r  t h e  ionosphere on 
a r o u t i n e  basis has become apparent.  
A t  least one commercial polar imeter ,  manufactured by Smyth Associates ,  
has appeared on the  market. I t  has g rea t e r  f l e x i b i l i t y  than t h e  in s t ru -  
ment described i n  t h i s  r e p o r t ,  but  it is  f a r  more expensive; furthermore,  
the  s m a l l  s i z e  of the  market makes it un l ike ly  t h a t  such systems w i l l  be 
manufactured again.  
E a r l y  po lar imeters  were simple because t h e y  w e r e  constructed from 
e x i s t i n g  communications r e c e i v e r s  and labora tory  equipment. They tended 
t o  be bulky and, as a r e s u l t ,  w e r e  not easy to  t ranspor t  t o  remote sites. 
The technique consis ted of  recording,  on a s t r i p  cha r t ,  t h e  detected out- 
pu t  of a communications r ece ive r  t h a t  w a s  connected, v i a  an appropriate  
VHF conver te r ,  t o  an antenna r o t a t i n g  at 1 rpm. A re ference  s i g n a l ,  gen- 
e ra ted  mechanically at the antenna, w a s  a l s o  recorded. The char t - recorder  
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speed had t o  be fast enough t o  observe t h e  ind iv idua l  maximum and minimum 
s i g n a l  amplitudes as t h e  antenna rotated,  so as t o  analyze t h e  phase d i f -  
fe rence  between s i g n a l  minima and t h e  reference.  The compromise between 
sampling rate (antenna-rotat ion speed) and t h e  amount of  char t  bulk pro- 
duced w a s  not  good; e f f i c i e n c y  of t h e  data reduct ion  w a s  a l s o  poor. 
To improve t h e  earlier sys tems,  t he  sampling rate w a s  increased by 
r o t a t i n g  t h e  antenna a t  high speed and by using a phase meter fo r  s i g n a l  
and re ference  comparis0n.t 
t h i s  modified system. The phase-meter output is  recorded on a s t r i p  
cha r t  a t  a speed between 1 t o  6 in./hour,  as compared t o  30 t o  60 in./hour,  
Figure 3 i s  a s impl i f ied  block diagram of 
ATS 
STRIP-CHART 
ROTA? I NG 
~ € ~ ~ R ~ ~ C E  
Fig. 3. SIMPLIFIED BLOCK DIAGRAM OF THE POLARIMETER. 
for t h e  o r i g i n a l  s low-rotat ion system. Antenna-rotation speed l i m i t a t i o n s  
are governed pr imar i ly  by mechanical cons idera t ions ;  87.5 rpm i s  a rea- 
sonable compromise between sample ra te  and sys t em r e l i a b i l i t y .  One ex- 
curs ion  across  the  cha r t  r ep resen t s  180' of po la r i za t ion  angle change, 
making t h e  data  very easy  t o  reduce manually, as shown i n  Fig. 4 .  Figure 
5 is  an example of an a c t u a l  record., An add i t iona l  advantage is  t h a t  only 
a single-channel recorder  is  required because t h e  re ference  does not need 
t o  be recorded separa te ly .  
J. E. T i the r idge ,  J. Atmos. Terrest. Phys., 28, 1966, pp. 1135-1150. 
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RETRACE 
I I  I ' I  I CHART RECORD 
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I l l  
I l l  I 
1 
T IME 
Fig. 4.  CHART-RECORD DEFINITION. 
The development of t h e  Stanford equipment had t h r e e  primary objec- 
Low Cost: I t  is estimated t h a t  t h e  complete system 
can be reproduced for less than $1500, including 
p a r t s ,  materials, l a b o r ,  u n i v e r s i t y  overhead, and 
recorder  - 
E a s e  of Repl icat ion:  The approach of  an in tegra ted  
receiver /phase meter on a p r in t ed -c i r cu i t  board and 
an antenna constructed from common materials can be 
dupl icated i n  t h e  average labora tory  or shop without 
s p e c i a l  t o o l s .  
Light Weight and Compactness: The complete s y s t e m  
weighs less than 100 l b  and breaks down f o r  easy 
t r anspor t a t ion  i n  an automobile or a l i g h t  a i rp lane .  
5 SEL- 7 0- 03 5 
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Chapter I11 
SYSTEM DE SCRIPT ION 
A .  The Antenna 
The antenna po r t ion  of the polarimeter samples t h e  po la r i za t ion  
angle  of t h e  incoming l i n e a r l y  polar ized VHF transmission from a geo- 
s t a t i o n a r y  satellite. 
electric motor and s u i t a b l e  gear reduct ion (Fig. 6 ) .  When the plane 
containing t h e  antenna elements is  t h e  same as t h a t  of t h e  incoming 
s i g n a l ,  t h e  antenna output is maximum; t h e  output is  minimum when t h e  
antenna i s  orthogonal t o  the s igna l .  
l a te  the s i g n a l  wi th  a low-frequency component which, because of t h e  
18O0 ambiguity of t h e  antenna, occurs a t  t w i c e  t h e  r o t a t i o n  rate (ap- 
proximately 2.91 Hz). 
son is  generated by magnet ical ly  c los ing  a reed switch every 180Q of 
antenna r o t  a t  ion. 
I t  i s  mechanically ro t a t ed  a t  87.5 rpm by an 
The e f f e c t  is t o  amplitude modu- 
The re ference  s i g n a l  required for phase compari- 
6 5’- I 
Fig. 6. ROTATOR-PLATFORM ASSEMBLY. 
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The antenna used i n  t h i s  system i s  a four-element Yagi-Uda type 
t h a t  afforded an adequate compromise between t h e  signal-to-noise r a t i o  
and r o t a t i n g  m a s s .  Some d i r e c t i v i t y  is necessary t o  prevent r e f l e c t i o n  
in t e r f e rence  from nearby ob jec t s .  A s  can be seen i n  Fig. 7 ,  antenna 
cons t ruc t ion  of aluminum tubing and a quick-disconnect type of element- 
to-boom f i t t i n g  allows easy assembly and compact t r anspor t a t ion .  To 
Fig.  7. ANTENNA-ELEMENT FITTINGS. 
s impl i fy  antenna matching, element spacings and lengths  were chosen t o  
y i e l d  a feed  impedance of c lose  t o  50 R. The f eed l ine  is  a miniature  
50 R coaxia l  cab le  (RG-l74/U) connected t o  t h e  antenna-driven element 
i n s ide  the  boom t o  provide a weather seal. This f eed l ine  emerges from 
the  boom a qua r t e r  wavelength behind the  dr iven  element (providing a 
sleeve-decoupling ba lun) ,  and i ts  outer  conductor is  connected t o  t h e  
boom at  t h i s  point  t o  prevent cu r ren t s  from flowing on the  outs ide  of 
t he  cable .  
The r o t a t i n g  antenna i s  connected t o  a preampl i f ie r ,  v i a  a s ingle-  
t u r n  ser ies-resonant  r o t a r y  j o i n t .  When properly spaced and tuned, t h i s  
SEL-70- 035 8 
j o i n t  (Fig. 8 )  y i e l d s  less than 0.1 dB of  l o s s .  Once tuned, spacing is  
r e l a t i v e l y  u n c r i t i c a l ,  wi th  less than  0.2 dB of loss r e s u l t i n g  for spac- 
ings between 0.1 and 0.2 i n .  
Fig. 8. ROTARY J O I N T .  
Each ha l f  of  the j o i n t  is comprised of a p r in t ed -c i r cu i t  induct ive 
loop on 1/8 in.G-10 g l a s s  laminate,  which a l s o  carries the  v a r i a b l e  
capac i tor  and BNC connector. The conductors are gold plated t o  minimize 
corrosion.  The r o t a t i n g  h a l f  of t h i s  j o i n t  is  mounted on a f lange  of 
t he  b ra s s  antenna-to-gearbox coupling; t h e  pos i t i on  of t h i s  coupling on 
the  gearbox s h a f t  determines the j o i n t  spacing. The f ixed ha l f  of  t h e  
j o i n t  is fastened t o  the  motor p l a t e  w i t h  an aluminum angle  bracket .  
Two bras s  tubes  housing s l i m  permanent magnets are mounted near t h e  
circumference of t h e  r o t a t i n g  ha l f  of the roFary j o i n t  and are spaced 
180" apa r t .  
bracket t o  fu rn i sh  ro ta t ion- reference  pulses .  
These magnets ac tua t e  a r e e d  s w i t c h  mounted on a nearby 
The ro t a ry - jo in t  output goes d i r e c t l y  t o  a low-cost high-perfor- 
mance preamplif ier .  T h i s  device uses dual-gate  FETs i n  a two-stage c i r -  
c u i t ,  y ie ld ing  a 2.5 dB noise  f i g u r e  with 35 dB ga in  t o  overcome feed- 
l i n e  losses and to  set t h e  system-noise f igu re .  Direct-current power is 
9 SEL-70-035 
sent  up t h e  signal f eed l ine  from t h e  receiver/phase metes, thus  elimina- 
t i n g  t h e  need for a separa te  power supply. Rotat ion power is obtained 
from an i n t e g r a l  motor gearbox, using a 1/12 HP motor and a 20 : l  worm 
gear reduct ion.  The gearbox is  furnished with ad jus t ab le  mountings t o  
allow rotary- joint  center ing.  
A 1/4 i n .  aluminum p l a t e  ensures a s t a b l e  platform for a l l  com- 
ponents and is  covered by an aluminum box f o r  weather p ro tec t ion ;  vent i -  
l a t i o n  holes  i n  both t h e  mounting p l a t e  and t h e  box provide motor cooling. 
A tubular  a r m  extending from the  rear of t h e  p l a t e  allows easy  antenna 
pos i t ion ing .  A n  all-aluminum t r ipod  s tand ,  constructed of tub ing  and 
angle ,  mounts t h e  motor p l a t e  approximately 7 f t  above the  ground. The 
mounting head (Fig.  9) is bol ted t o  the bottom of  t h e  motor p l a t e  t o  
permit azimuth and e l eva t ion  adjustment . 
Fig. 9. ADJUSTABLE MOUNTING HEAD. 
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B. Receiver/Phase Meter 
~~ ~~ 
This  compact u n i t  (Fig. 10) cons i s t s  of a c rys ta l -cont ro l led  dual- 
conversion r ece ive r  and a d i g i t a l  phase meter tha t  compares t h e  sampled 
VHF s i g n a l  and reference pulses  from t h e  antenna sys t em.  I t  provides 
an analog ou tpu t ,  p ropor t iona l  t o  po la r i za t ion  angle ,  that  i s  s u i t a b l e  
f o r  s t r i p - c h a r t  recording.  Provis ions a l s o  are made f o r  the  recept ion  
of standard t i m e  s i g n a l s  on 10  MHz f o r  chart-t iming re ference .  For 
use r s  interested i n  signal-amplitude data ,  a rear-panel  output provides 
a connection t o  a cha r t  recorder. A f ront-panel  meter i n d i c a t e s  average 
s i g n a l  s t rength .  By using a s i n g l e  p r in t ed -c i r cu i t  board and modular 
RF assemblies,  ease of assembly and dup l i ca t ion  is  guaranteed. Power 
supp l i e s  are self-contained and have s u f f i c i e n t  reserve  capaci ty  fo r  
accessor ies .  
The antenna-mounted preampl i f ie r  manufactured by Vanguard Elec- 
t r o n i c s  Laborator ies ,  y i e l d s  a 2.5 dB noise  f i g u r e  f o r  good rece iver  
s e n s i t i v i t y  and s u f f i c i e n t  ga in  (35 dB) t o  overcome feed l ine  l o s s e s ,  
which permits t h e  antenna t o  be i n s t a l l e d  1000 f t  from t h e  receiver. 
Good overload and cross-modulation c h a r a c t e r i s t i c s  are a t ta ined  by use  
of dual-gate  MOSFETs i n  both s tages .  Diodes are u t i l i z e d  a t  t h e  input 
t o  p r o t e c t  t h e  first s t age  from nearby t r ansmi t t e r s ;  t hese  diodes,  p lus  
s e l e c t i v i t y  obtained i n  t h e  antenna and i n  t h e  tuned r o t a r y  j o i n t ,  en- 
s u r e  s a f e  opera t ion  i n  c lose  proximity t o  a 300 kW 50 M H z  t r a n s m i t t e r .  
By t h e  add i t ion  of two components, t he  commercial preamplif ier  is  modi- 
f i e d  t o  accept i t 8  opera t ing  d c  power from the feedl ine .  
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a. Front view 
b. Rear view 
Fig. 10. RECEIVER/PHASE-MFTER ANGLES. 
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c. Top view 
d .  B o t t o m  view 
Fig. 10. CONTINUED. 
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C.  System Block Diagram (Fig. 11) 
The 137.35 MHz ATS satel l i te  s i g n a l  received by t h e  r o t a t i n g  antenna 
is passed v i a  a tuned r o t a r y  transformer t o  a two-stage preampl i f ie r ,  
The preampl i f ie r  output i s  connected by coaxia l  cab le  t o  t h e  rece iver /  
phase meter, where two addi t ional  s t ages  of VHF ga in  are provided t o  allow 
f l e x i b i l i t y  i n  t h e  r e l a t i v e  loca t ions  of the antenna and rece iver .  The 
excess  g a i n  i n  a given sys t em is d i s s ipa t ed  i n  r e s i s t i v e  pads t o  prevent 
the overload o f  following stages. 
A c rys ta l -cont ro l led  conversion o s c i l l a t o r  converts  t h e  VHF s i g n a l  
t o  a 1 0  M H z  f i r s t  IF. The choice of  t h i s  intermediate  frequency, p lus  
a l a r g e  number (10) of  tuned c i r c u i t s  preceding conversion, a f fo rds  ex- 
c e l l e n t  image r e j e c t i o n ;  t h i s  I F  a l s o  allows the  remaining por t ion  of 
t h e  r ece ive r  t o  be used for WWV recept ion ,  as se lec ted  by a f ront-panel  
switch.  One s t age  of 10  MHz ga in  precedes the  second mixer, where con- 
vers ion  t o  t h e  455 kHz second IF takes place;  t he  o s c i l l a t o r  for t h i s  
conversion is a l s o  c r y s t a l  cont ro l led .  The second-mixer output is coupled 
t o  a mechanical f i l t e r  t h a t  sets t h e  r ece ive r  s e l e c t i v i t y  a t  2.1 kHz. The 
following s t age  is a s i n g l e  in tegra ted  c i r c u i t  t h a t  provides IF  gain,  AGC, 
de t ec t  i on ,  and aud i o  amp1 i f  i cat ion. 
The AGC vol tage  is buffered i n  a dc ampl i f ie r  t o  d r i v e  the  f ront -  
panel meter and rear-panel  output f o r  s igna l -s t rength  ind ica t ion .  Audio- 
power ampl i f ica t ion  is  obtained i n  an in tegra ted  c i r c u i t ,  de l ive r ing  1 W 
t o  the  speaker.  
The rece iver  audio output c o n s i s t s  of no ise ,  modulation on t h e  sat- 
e l l i t e  t e l e m e t r y  s i g n a l ,  and a 2.91 Hz companent which is  t h e  antenna 
sampling rate. This composite s i g n a l  is  passed through a lowpass f i l t e r  
and ampl i f ie r  t o  remove most components above 5 Hz and t o  provide s u f f i -  
c i e n t  d r i v e  t o  the  a c t i v e  f i l t e r ,  The high-Q a c t i v e  f i l t e r  d e l i v e r s  the  
large-amplitude clean-waveform 2.91 Hz s i g n a l  necessary f o r  processing 
i n  t h e  d i g i t a l  phase meter. The FET buf fe r ,  following t h e  a c t i v e  f i l t e r ,  
prevents  loading and degradation of t he  Q f i l t e r .  The 2.91 Hz s igna l  i s  
amplified and squared i n  t h r e e  s t ages  of a DTL hex inve r t e r  in tegra ted  
c i r c u i t ;  the  pulses  f r o m  the  antenna-reference switch a l s o  are processed 
i n  one of t h e  i n v e r t e r s ,  
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The remaining t w o  i n v e r t e r s  of t h e  package are cross-connected t o  
form an R-S f l i p - f l o p .  Because t h e  squared s i g n a l  and re ference  pulses  
are d i f f e r e n t i a t e d  and applied t o  opposi te  s i d e s  of t h i s  f l i p - f l o p ,  i t s  
output is  a rec tangular  pulse  whose w i d t h  i s  proport ional  t o  t h e  phase 
difference between t h e  s igna l  and re ference .  
t h i s  information, a simple RC in t eg ra to r  w i t h  two s e l e c t a b l e  t i m e  con- 
s t a n t s  is  employed. The FET buffer  fol lows t h i s  i n t eg ra to r  and d r ives  
the  output  dc  ampl i f ie r  which provides ad jus t ab le  gain and bias and a low- 
output impedance recorder  d r i v e .  
To ob ta in  t h e  analog of  
D. Receiver-Circuit  Descr ipt ion (Fig. 12)  
The  preamplif ier  r ece ives  i t s  dc  power through a lowpass f i l t e r  
cons i s t ing  of  capac i tor  62 and choke RFC. To reduce t h e  preamplif ier  
ga in ,  R 5 8  reduces t h e  12 V r ece ive r  supply vol tage  t o  approximately 9 V. 
C 1  provides d c  blocking and s igna l  coupling t o  a r e s i s t i v e  T-pad made up 
of R47, R 4 8 ,  and R49. This pad prevents  overload of t he  RF s t age  on 
board B 1  and is changed t o  compensate fo r  d i f f e rences  i n  preamp ga in  and/ 
or f e e d l i n e  lengths ;  t h e  values  shown are s u i t a b l e  f o r  a 100 f t  f eed l ine .  
The RF ampl i f ie r  board ( B l )  and mixer -osc i l la tor  board (B2) were 
obtained from a Vanguard Elec t ronics  Laborator ies  model 407 converter ,  
and were removed from t h e  converter package and mounted on t h e  mother 
PC board. B1  (Fig. 13a) c o n s i s t s  of two dual-gate FET RF s t ages  and 
four  tuned c i rcu i t s  f o r  good image r e j e c t i o n  and is  ident ica l  t o  the  
preampl i f ie r .  R57 reduces i ts  opera t ing  vol tage  t o  approximately 9 V. 
The o s c i l l a t o r  por t ion  of B2 (Fig.  13b) is a b ipo la r - t r ans i s to r  
third-overtone c r y s t a l  o s c i l l a t o r ,  with i t s  c o l l e c t o r  c i r c u i t  tuned t o  
42.450 MHz by L1. The t h i r d  harmonic (127.350 MHz) of t h e  c r y s t a l  f r e -  
quency is  selected by L2 and C2 and is  passed t o  ga t e  2 of t h e  dual-gate 
FET mixer, where t h e  s i g n a l  frequency of  137.350 MHz is  converted t o  
10  MHz. Th i s  type o f  mixer y i e l d s  good conversion ga in  and low spurious 
generat ion.  The 1 0  MHz f i r s t  IF  is at tenuated i n  R 1 ,  R2, and R 3  t o  pro- 
v ide  t h e  co r rec t  s i g n a l  l e v e l  fo r  t h e  second converter .  Front-panel 
switch S3 s e l e c t s  ei ther the  converted VHF s igna l  or an ex te rna l  WWV an- 
tenna for the second converter  input .  
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Board B3 (Fig. 13c)  is a Vanguard model  306 converter ,  a l s o  removed 
from its case and mounted on the  mother board. T h i s  u n i t  c o n s i s t s  of 
one s t age  of 10 lwIz ga in ,  a c rys ta l  o s c i l l a t o r  at 10.455 MHz, and a dual- 
g a t e  FET mixer whose output  is  a t  455 kHz; both o s c i l l a t o r  and mixer are 
similar t o  those  of t h e  f i r s t  converter .  The 455 kHz second IF is  coupled 
t o  a Co l l in s  mechanical f i l t e r  t h a t  has a 2.1 kHz -3 dB bandwidth. Ca- 
p a c i t o r s  C3 and C6 series resonate  t h e  f i l t e r  input and output ,  respec- 
t i ve ly ,  and C5 supp l i e s  HF bypassing a t  the second I F  amplif ier  input .  
Integrated c i r c u i t  I C 1  (a National LM372) is  used f o r  IF  ga in ,  AGC, 
d e t e c t i o n ,  and audio preampl i f ica t ion ;  t h i s  c i r c u i t  has performed w e l l  
i n  t h i s  app l i ca t ion .  C7 is appl ied f o r  i n t e r s t a g e  coupling w h i l e  C 8  
bypasses a t  455 kHz. The AGC l i n e  appears at  p in  7 ,  and t h e  t i m e  con- 
s t a n t  is s e t  by C9. C10 is  p a r t  of t h e  detector-output  f i l t e r  and is  
made l a rge  enough t o  l i m i t  t h e  high-frequency audio response. V c c  de- 
coupling is provided by R6 and C 1 1 ;  t h e  detected output is connected t o  
both the  phase-meter input and volume con t ro l  R7. 
Audio ampl i f ica t ion  occurs  i n  IC2 (RCA CA302OA) which has 70 dB 
ga in  and w i l l  d e l i v e r  1 W t o  t h e  speaker;  however, fo r  s t a b l e  opera t ion ,  
i ts  high-frequency c a p a b i l i t y  makes it somewhat cr i t ical  t o  proper by- 
passing.  Capaci tors  C14, C15, C16, C17, C 1 8  complete t h e  necessary by- 
passing. C12 couples the  audio from t h e  volume cont ro l  t o  the  emitter- 
fol lower input  and l i m i t s  t h e  low-frequency response.  R8 and R9 are t h e  
input  emit ter-fol lower b i a s  and emitter r e s i s t o r s ,  respec t ive ly .  The 
output t r a n s i s t o r s  are operated i n  c l a s s  B, and R10 provides degeneration 
for  s t a b i l i t y  and lower d i s t o r t i o n .  The output transformer T2 matches 
t h e  200 R col lector-output  impedance t o  the 4 fl speaker. 
The AGC vo l tage  developed i n  I C 1  is  u t i l i z e d  f o r  s igna l - leve l  ind i -  
c a t i o n  by lowpass f i l t e r i n g  i n  R24 and C37 and buf fer ing  i n  a voltage- 
follower connected opera t iona l  ampl i f ie r  IC5 (a 741C). The low-impedance 
output of IC5 is connected t o  t h e  front-panel  m e t e r ,  v i a  t h e  meter-range 
r e s i s t o r  R40. R46 allows adjustment of t h e  meter zero  pos i t i on  t o  com- 
pensate  f o r  t h e  quiescent  vo l tage  on the  AGC l i n e .  Float ing rear-panel 
ou tputs  a r e  employed f o r  remote metering or recording. 
The r ece ive r  de t ec to r  output is coupled t o  ga te  1 of &I, v i a  lowpass 
f i l ter  R 1 3 ,  and C19, and coupling capaci tor  C 3 8 .  A t  t h i s  po in t ,  ac 
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coupling i s  necessary because of t h e  dc  b i a s  at  t he  de tec tor  ou tpu t  Q 1  
(a dual-gate FET) is used as a high-input impedance vol tage  ampl i f ie r  
t o  supply s u f f i c i e n t  d r i v e  t o  the  act ive f i l t e r  I C 3 a .  R51, R52, R53, 
and C39 set t h e  gate-2 b i a s ,  and R14 is  the  gate-1 d c  r e tu rn .  Source 
resistor R50 (bypassed by C40) and d r a i n  load R15 set t h e  stage-operat-  
ing poin t .  Theac t ive  f i l t e r  is  a mul t ip l e  feedback loop type,  using 1/2 
of  an I C  dual-operat ional  ampl i f ie r  as t h e  a c t i v e  element. This type of 
f i l t e r  can provide high Q(100)  and high ga in  (40 dB) with an ease of 
tune-up not found with t h e  "Twin T" type.  
ment are essentially independent and are obtained by only t w o  cont ro ls .  
R16, R 1 7 ,  R 1 8 ,  C20, and 621 are t h e  center-frequency determining ele- 
ments; R20, R21, and R22 set the  r a t i o  of  posi t ive- to-negat ive feedback 
and thus  determine Q and gain.  R19, C22, and C23 fu rn i sh  frequency and 
phase compensation t o  the  opera t iona l  ampl i f ie r .  
Center frequency and Q ad jus t -  
To prevent loading of t h e  f i l t e r ,  a high-input impedance FET source 
fol lower Q2 is employed t o  buf fer  t h e  output .  D1 couples the  output of 
Q2 t o  t h e  input of IC4a (aDTL HEX i n v e r t e r ) ,  viamode switch S la .  I C 4  i s  
a s ix - inve r t e r  package tha t  accomplishes a l l  t h e  d i g i t a l  processing. Sec- 
t i o n s  a, b ,  and c are used t o  square t h e  a c t i v e - f i l t e r  sine-wave output .  
The input  of section f normally is biased on by R26 bu t ,  when t h e  an- 
tenna-reference switch c loses ,  t h i s  input goes t o  ground, r e s u l t i n g  i n  
a pulse  output .  C24 provides noise  f i l t e r i n g  f o r  t h e  re ference  l i n e .  
The r e fe rence  pulse  from inve r t e r  f and t h e  s i g n a l  pulse  from inve r t e r  
c a r e  d i f f e r e n t i a t e d  i n  RC networks C26 t o  R27 and C25 t o  R25, respec- 
t i v e l y .  The negative-going narrow pulses  t r i g g e r  alternate s i d e s  of an 
R-S f l i p - f l o p  formed by t h e  cross-connected i n v e r t e r  s ec t ions  d and e. 
Diodes D2, D3 ,  D 4 ,  and D5 give t h e  necessary OR funct ion a t  each 
i n v e r t e r  input .  The f l i p - f l o p  output is  a rec tangular  pulse  whose pulse- 
width r ep resen t s  t h e  t i m e  d i f f e rence  between t h e  a r r i v a l  of d i f f e r e n t i a t e d  
re ference  and s i g n a l  pulses .  To o b t a i n  t h e  d e s i r e d  output sense,  either 
s i d e  of t h e  f l i p - f l o p  output can be selected by jumper J1. Conversion 
of t h i s  pulsewidth information t o  an analog s i g n a l  s u i t a b l e  for s t r i p -  
cha r t  recording is  accomplished i n  a simple RC in t eg ra to r  cons i s t ing  of  
R28 and C27; under noisy circumstances,  S4 s e l e c t s  an add i t iona l  capac- 
i t o r  C36 f o r  an increased t i m e  constant .  
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To prevent loading of the i n t e g r a t o r ,  t h e  FET source follower Q2 
'precedes the  output  ampl i f ie r .  The output s t a g e  IC3b is an inve r t ing  
opera t iona l  ampl i f ie r  with ad jus t ab le  ga in  and o f f s e t  and a low-output 
impedance f o r  d r i v i n g  a v a r i e t y  of  char t  recorders .  Adjustable-output 
o f f s e t  is obtained from d iv ide r  network R 3 3 ,  R 3 8 ,  R39, R41, and R42; 
adjustment of R36 i n  t h e  feedback loop controls the  ampl i f ie r  gain.  R43 
p r o t e c t s  t h e  output  s t age  from inadver ten t  sho r t  c i r c u i t ,  and compensa- 
t i o n  components R35, C28, and C29 s t a b i l i z e  t h i s  s tage.  To c a l i b r a t e  
t h e  output ,  t he  f l i p - f l o p  must be set i n  each of its two stable states; 
S1, a three-pole three-pos i t ion  panel-mounted swi t ch ,  accomplishes t h i s  
by  grounding t h e  input  of IC4a or IC4f. This  provides the  output  end 
po in t s ,  and c a l i b r a t i o n  is made by adjustments of l e v e l  cont ro l  R36 and 
balance con t ro l  R38 .  To allow rap id  c a l i b r a t i o n  without t h e  i n t e g r a t o r  
t i m e  constant  i n  e f f e c t ,  S l c  opens the  connection t o  the  in t eg ra t ion  
capac i tors  i n  t h e  t w o  c a l i b r a t e  pos i t i ons .  
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Chapter Iv  
CONSTRUCTION 
A .  Antenna Svstem 
The fol lowing photographs and drawings i l l u s t r a t e  i n  d e t a i l  t h e  con- 
s t r u c t i o n  of t h e  antenna system. The metal work cons i s t s  of 
(1 antenna elements 
a l l  elements: .25 i n .  OD .049 wall-aluminum tubing 
r e f l e c t o r :  42.5 i n .  
two d r iven  elements: 20.25 in .  
first d i r e c t o r :  38 i n .  
second director:  37 in .  
(2) antenna boom (Fig. 14) 
(3) d r i p  r i n g  (Fig. 15) 
(4) shaft-boom coupling (Fig. 16) 
(5) ro t a ry - jo in t  (Fig. 17) and reference-switch (Fig. 18) 
(6) r o t a t o r  p l a t e  (Fig. 19) 
(7) mounting head (Fig. 20) 
(8) t r ipod  m a s t  (Figs.  21,221, l e g s  and braces  (Fig. 23), 
(9) r o t a t o r  cover (Fig. 26) , 
brackets  
head angle  (Fig.  241, and foo t  (Fig. 25) 
The ro t a ry - jo in t  layout  (Fig. 27) is  f u l l  s i z e  and s u i t a b l e  f o r  direct 
photography for pr in t ed -c i r cu i t  reproduction. D r i l l i n g  information is 
t presented i n  Fig. 28. 
1. Antenna Assembly 
Antenna assembly begins by mounting t h e  element t o  boom f i t t i n g s  
on the boom, as d e t a i l e d  i n  Fig. 29; a l l  t h e  p a r a s i t i c  elements are s i m -  
i l a r l y  mounted. The s p l i t  driven-element mounting and feed assembly is  
i l l u s t r a t e d  i n  Fig. 30. The d r i p  r i n g  i s  s l i d  on t h e  boom and is  posi- 
t ioned between t h e  r e f l e c t o r  and hole  A ;  t h e  RG-l74/U f eed l ine  emerges 
from t h e  boom a t  t h i s  hole .  A t  t h i s  po in t ,  t h e  outer  jacke t  is s t r ipped  
of f  f o r  1/2 i n , ,  and the  sh ie ld  is secured t o  the  boom by a grounding 
c l i p .  RTV s i l i c o n e  rubber is  used f o r  a weather s e a l .  A BNC connector 
'For convenience, Figs.  14-44 w i l l  be found a t  t h e  end of t h i s  chapter .  
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now i s  fastened on t h e  f r e e  end of  t h e  f eed l ine ,  which w i l l  mate with 
t h e  r o t a t i n g  ha l f  of  t h e  r o t a r y  j o i n t  during f i n a l  assembly. 
Antenna elements are mounted by s l i d i n g  one of t h e  rubber- 
mounting bushings on t h e  element t o  t h e  approximate center. ( A  l i t t l e  
t a l c  w i l l  he lp . )  The element is inser ted  through the  boom f i t t i n g s ,  and 
t h e  o the r  rubber bushings are ins ta l led .  Before f i n a l  t i gh ten ing ,  t h e  
washers and threaded caps are i n s t a l l e d  wi th  t h e  element being centered 
about t h e  boom. A snap plug is  f i t t e d  w i t h  RTV t o  t h e  d i r e c t o r  end of 
t h e  boom t o  complete t h e  antenna assembly. 
2. Rotary J o i n t  
Assembly of t h e  r o t a r y  j o i n t  (Figs.  31, 32, and 33) cons i s t s  
of i n s t a l l i n g  a BNC panel connector and trimmer capac i tor  on each h a l f .  
The capac i tor  i s  a f r i c t i o n  f i t  i n  its mounting hole  and is  or iented so  
t h a t  one lead can be bent over and soldered d i r e c t l y  t o  t h e  end of t h e  
p r in t ed -c i r cu i t  inductor .  A sho r t  length o f  w i r e  connects t h e  center  of 
t he  BNC t o  the o the r  s i d e  of t h e  capac i tor .  The r o t a t i n g  ha l f  of the 
j o i n t  i s  secured t o  t h e  shaft-to-boom coupling, using No. 2 hardware w i t h  
t h e  p r in t ed -c i r cu i t  s i d e  toward the  s h a f t  end of t h e  coupling. 
The No. 4 threaded spacers  are p a r t i a l l y  d r i l l e d  t o  accept t h e  
reference-switch ac tua t ing  magnets as a push f i t ;  t hese  magnets a r e  sealed 
i n  p lace  with RTV, The spacers  a r e  secured t o  t h e  r o t a t i n g  ha l f  of t h e  
j o i n t  w i t h  No .  4 hardware. 
3. Mounting-Plate Assembly 
The 1/4 i n ,  - 20 X 1-1/2 in .  gearbox mounting b o l t s  are in- 
s t a l l e d  i n  holes  A of t h e  mounting p l a t e ;  these b o l t s  are inser ted  from 
the  bottom and t h e  nuts  and lockwashers are secured. An add i t iona l  nut 
is then threaded on each b o l t ,  leaving approximately 3/8 i n o f  b o l t  thread 
exposed between t h e  two nuts .  The gearbox i s  placed on the  s tuds  and a l s o  
is secured with nuts  and lockwashers. These nuts  must not be t ightened 
a t  t h i s  t i m e  because t h e  t w o  nu t s ,  above and below the  gearbox mounting 
ears, w i l l  be used t o  ad jus t  t h e  f i n a l  pos i t i on  of t he  gearbox f o r  rotary- 
j o i n t  alignment. The fixed ro t a ry - jo in t  h a l f  and i ts  bracket are fastened 
by No. 6 hardware t o  t h e  mounting p l a t e  a t  holes  B. The shaft-to-boom 
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coupling is  secured on t h e  gearbox s h a f t ,  and the ro t a ry - jo in t  halves  
are posit ioned i n  c lose  proximity. 
, 
The gearbox mounting nuts  are now adjusted so tha t  t he  ro ta ry-  
j o i n t  halves  are p a r a l l e l  to and concent r ic  with each other .  The r e fe r -  
ence-switch assembly i s  mounted t o  t h e  p l a t e  w i t h  No. 6 hardware a t  holes  
C. The switch is  so posi t ioned t h a t ,  on r o t a t i o n ,  t h e  magnets w i l l  j u s t  
clear. The preampl i f ie r  i s  fastened t o  t h e  p l a t e  a t  holes  D,  wi th  i t s  
input connector toward t h e  f r o n t  of t he  p l a t e .  The motor re lay  is mounted 
a t  ho les  E and type "N" feedthrough connectors a t  holes  F. 
The mounting head tee is assembled t o  the  mounting angles with 
a 3/8 X 4-1/2 in .  b o l t .  The angles  are secured t o  t h e  bottom of t h e  
mounting p l a t e  with 5/16 in .  hardware a t  ho les  G ,  o r i e n t i n g  t h e  tee pinch- 
b o l t  ears toward t h e  rear o f  t he  p l a t e .  The tubular-posi t ioning arm is  
fastened t o  t h e  bottom of the p l a t e  at ho les  H, us ing 5/16 in .  hardware 
w i t h  t h e  long po r t ion  extending from t h e  rear. A three-wire l i n e  cord is  
i n s t a l l e d  through t h e  cable  clamp, and t h i s  and the  motor leads are w i r e d  
t o  t h e  re lay (Fig.  34) ;  t h i s  w i l l  r e s u l t  i n  counter-clockwise r o t a t i o n  of 
t he  antenna, as viewed from the rear. Cables of RG-58a/U are assembled 
and i n s t a l l e d  between the  ro t a ry - jo in t  output and the preamplif ier  i npu t ,  
between t h e  preamplif ier  output  and p l a t e  feedthrough connector and be- 
tween t h e  r e fe rence  switch and the o the r  p l a t e  feedthrough connector. The 
v e n t i l a t i o n  screen is fastened t o  the  t o p  of the  mounting p l a t e  with No. 
6 hardware. The antenna boom is  s l i d  on the  shaft-to-boom coupling and 
secured w i t h  a hose clamp. 
\ 
4 .  Tripod Assembly 
The assembly of  the t r ipod  support stand 
i s  bes t  explained by Fig. 35. 
B. Receiver/Phase Meter 
is  s t ra ightforward and 
A s i n g l e  l a rge  p r in t ed -c i r cu i t  board t o  carry 
g r e a t l y  s i m p l i f i e s  t h e  cons t ruc t ion  of t h i s  u n i t .  
a l l  major components 
Metal work i s  minimized 
by u t i l i z i n g  a ready-made cabine t .  
t h e i r  a v a i l a b i l i t y ;  most of them a r e  stocked i n  one of  the  l a rge  m a i l -  
order  supply houses. 
Components were se lec ted  because of 
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1. Cabinet Preparat ion 
Front ,  rear, and s i d e  panel layouts  are i l l u s t r a t e d  i n  Figs .  
36, 37,  and 38. Panel l e t t e r i n g  can be seen i n  Fig. 1 0  and should be 
applied before  t h e  cabine t  is assembled ; dry- t ransfer  decals are adequate 
i f  s u i t a b l y  coated a f t e r  appl ica t ion .  Figure 39 d e t a i l s  t he  mounting 
brackets  of the PC board,  and they should be fastened t o  the  inner  s i d e  
panels  {Fig. 40) before  cabine t  assembly is  completed. Panel-mounted 
components now can be assembled but should not be t ightened unt iP t h e  PC 
board is i n s t a l l e d .  
2. RF Module Prepara t ion  
The PC boards are removed from the  cases of  the  Vanguard models 
407 and 306 conver te rs ,  and t h e  grounding so lder  lugs are clipped o f f .  
A t  each point  where an underboard hook-up w i r e  w a s  o r i g i n a l l y  connected, 
a 4 in .  length o f  No .  22 bare  wire  i s  soldered;  these  wires w i l l  make the  
connections t o  the  mother board. 
3. Pr inted-Circui t  Board 
- 
The layout  o f  t h e  p r in t ed -c i r cu i t  board (Fig. 41) is presented 
i n  Fig. 42; i t  is ha l f  size and s u i t a b l e  for direct  photography and en- 
largement f o r  board reproduct ion by conventional means. Because o f  board 
size and component weight, 1/8 in .  G-10 board material is necessary. 
A solder coa t ing  should be applied t o  both s ides  of t h e  board 
for s o l d e r a b i l i t y  and corrosion pro tec t ion .  D r i l l i n g  information is  sup- 
p l ied  i n  Fig. 43. 
Figures 41 and 44 and t h e  p a r t s  l ist  provide s u f f i c i e n t  in for -  
mation for component i n s t a l l a t i o n .  A l l  ground connections are made t o  
t h e  t o p  s i d e  of t h e  board, some with through pins .  Mounting of t h e  RF 
modules is  accomplished by i n s t a l l i n g  1/4 i n .  No. 4 threaded spacers  on 
t h e  top  of  t he  mother board, using No.  4 X 1/4 i n .  hardware a t  t h e  e ight -  
module mounting holes .  The long w i r e  l eads  extending from each RF module 
are inser ted  i n t o  t h e  appropr ia te  holes of the PC board, and the  module 
is  gen t ly  pushed down aga ins t  t h e  mounting spacers  and secured w i t h  NO. 4 
X 3/16 i n .  screws. No. 16  bare-wire ground leads from the  ground eye- 
lets on module B1 are soldered t o  the top  of the  mother board. 
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4 .  Final Assembly 
The completed FC board is  ins ta l l ed  i n  t h e  assembled cabinet 
on the angle mounting brackets, with the control shafts  extending through 
t h e  front-panel bushings. The wiring between the board and the panel- 
mounted components now can be completed. 
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SCALE: NONE 
Fig. 14. ANTENNA BOOM. 
DRILL 8 TAP FOR 
8-3,2 SET SCREW 
F i g .  15 .  ANTENNA DRIP RING. 
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DRILL R TAP FOR 2-56, 
3-PL'S 120'APART. 
ON 1.450 B.C.D. DRILL 8 TAP 
h- 3.5625 -4 
Fig. 16. SHAFT/BOOM COUPLING. 
4.250 
3.8125 --I 
Fig. 17. ROTARY-JOINT BRACKET. 
#27 DRILL DRILL .375 DIP\ HOLE 
1.81 25 - 
2.375 - 
t t  
MATRL. z.040 ALUM 
Fig. 18. REFERENCE-SWITCH BRACKET. 
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Fig. 21. TRIPOD ASSENIBLY. 
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a. Leg d e t a i l ,  3 r e q u i r e d  
b. B r a c e  d e t a i l ,  3 r e q u i r e d  
F i g .  23. TRIPOD LEGS AND BRACES 
2.500 
I 
DRILL ,406 BIA HOLE 
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F i g .  24, TRIPOD-HEAD ANGLE. 
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Fig. 26. ROTATOR COVER. 
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Fig. 27. ROTARY-JOlNT PRINTED-CIRCUIT LAYOUT. 
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I 2.125 R 
DRILL 
HOLE $ 
~~ 
DRILL #27, 2-PL'S 
\ 
DRILL #32, 2-PL'S 
/ 
DRILL # 43'3- PL'S 
.375 DIA 
2- PL'S 
OIA 
Fig. 28. ROTARY-JOINT DRILLING INFORMATION. 
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/ ,750" OD 
PT, .906" LONG x 
Fig. 29. PARASITIC-ELEMENT FITTING ASSEMBLY. 
THREADED PLASTIC 
CoUPLIMG \ r JACK 
SOLDERED-/ 
CONMECTlOM RG - I74/U 
FEED LINE 
Fig. 30. DRIVEN-ELEMENT FITTING ASSEMBLY. 
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Fig .  31. ROTARY JOINT, 
FIXED HALF. 
Fig. 32. ROTARY JOINT, ROTARY 
HALF- FRONT. 
Fig. 33. ROTARY JOINT, ROTARY HALF-REAR. 
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FRONT 
PANEL RIGHT INNER SIDE PANEL 
I (LEFT SI& IS MIRROR 1MAGE) 
Pig. 38. INNEX SIDE-PANEL LAYOUT. 
.50 x .5O AL. ANGLE - 2 REQUIRED 
.4 
Fig. 40, INRER SIDE PANEL WITH BRACKET. 
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a. Top 
b. Bottom 
Fig. 42. RECEIVER/PHASE-METER PRINTED-CIRCUIT LAYOUTS. Half size, 
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Fig. 43. PRINTED-CIRCUIT DRILLING INFORMATION. 
A l l  unmarked ho le s ,  #64. 
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Chapter V 
ALIGNMENT 
A ,  Power Supplies 
A t  i n i t i a l  turn-on, t h e  first i t e m  t h a t  should be checked is  t h e  
power-supply vo l t ages  which are measured at t h e  outputs  of t h e  r e spec t ive  
zener d i o d e s  according t o  
nominal v o l t  age measurement poin t  acceptable  value 
12 V dc  cathode of D6 10.5 t o  13.0 V dc 
-12 V dc  anode of D7 -10.5 t o  -13.0 V dc 
5 V d c  anode of D8 4.0 t o  6.0 V dc  
I f  t h e  s igna l - leve l  meter is  observed t o  be o f f  scale i n  either d i r e c -  
t i o n ,  R46 should be ad jus ted  through t h e  front-panel  access  hole t o  
b r ing  t h e  m e t e r  back on scale. F ina l  adjustment w i l l  be accomplished 
later.  
The vol tage  drop,  measured across  R44, should f a l l  between 5.5 and 
6.5 V dc.  I f  i t  is  ou t s ide  these va lues ,  low o r  high l i n e  vol tage  is  
ind ica t ed  and can be compensated for by changing jumpers 53 and 54 ac- 
cording t o  t h e  transformer data sheet. 
B. Receiver 
If S3 is  i n  the  WWV p o s i t i o n ,  advancing t h e  volume con t ro l  should 
produce rece iver  no i se ;  changing S3 t o  the VNF pos i t i on  should cause a 
s m a l l  increase i n  noise  output .  If no noise  increase is heard or a very 
large increase  is  noted with overload ind ica t ed ,  pad r e s i s t o r s  R 1 ,  R 2 ,  
and R 3  should be changed t o  produce the d e s i r e d  r e s u l t s .  I f  a s u i t a b l e  
antenna is  connected t o  t h e  WWV antenna connector,  a 10 MHz WWV recep- 
t i o n  should be obtained and an upward ind ica t ion  noted on t h e  panel 
meter. S l i g h t  adjustment of L4 on board B3 can be made f o r  small center-  
frequency changes. 
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With  S3 set t o  VHF, R46 is adjusted f o r  a zero  panel-meter ind ica t ion .  
A 50 R coaxia l  f e e d l i n e  (of a length  t h a t  w i l l  be used i n  t h e  f i n a l  in- 
s t a l l a t i o n )  is connected between t h e  antenna-mounted preamplif ier  output 
and t h e  r ece ive r  VHF antenna inpu t ,  a fu r the r  increase  i n  rece iver  no ise  
should be heard and t h e  panel meter should move upward a f e w  d iv i s ions .  
For t h i s  check, t h e  preamplif ier  input  should be terminated i n  50 R. If 
no meter ind ica t ion  is observed or i f  t h e  meter swings beyond ha l f  scale, 
pad r e s i s t o r s  R47, R48, and R49 should be changed. 
C. Phase Meter 
Alignment of t h e  phase meter pr imar i ly  cons i s t s  of tuning t h e  ac t ive  
f i l t e r  w i t h  t he  remainder t o  check f o r  proper opera t ion  of the  o ther  cir- 
c u i t r y .  T h i s  tuning i s  most e a s i l y  accomplished by u t i l i z i n g  a va r i ab le  
amplitude func t ion  genera tor ;  l ack ing  t h i s ,  however, t h e  re ference  pulses  
from t h e  antenna system can be used.  In  e i t h e r  case,  t h e  re ference  pulses  
w i l l  be employed fo r  t he  f i n a l  adjustment so as t o  match t h e  f i l t e r  t o  
the  ind iv idua l  antenna-rot a t  i on  rat e. 
An osc i l loscope  is  connected t o  t h e  cathode of D1. S3 i s  set i n  
the  WWV pos i t i on ,  w i t h  no antenna connected t o  the  WWV input ,  and mode 
swi t ch  S1 is  set t o  t h e  CAL 2 pos i t i on .  The f i l t e r  may be o s c i l l a t i n g  
a t  t h i s  po in t ,  evidenced by a large-amplitude (20 V peak t o  peak) s ine-  
wave output  on t h e  scope; i f  t h i s  is  not t h e  case ,  R21 is  advanced clock- 
w i s e  u n t i l  o s c i l l a t i o n  occurs.  The center  frequency cont ro l  R17 is ad- 
j u s t ed  f o r  a 3 Hz o s c i l l a t i o n  frequency, and t h e  Q cont ro l  R21 is  slowly 
decreased u n t i l  t h e  output amplitude j u s t  begins t o  decrease.  Because 
of t he  high c i r c u i t  Q ,  a l l  adjustments must be made slowly and i n  s m a l l  
increments t o  allow ample t i m e  f o r  t he  output t o  s t a b i l i z e  so as t o  
ob ta in  a va l id  ind ica t ion  of what has been accomplished. A f t e r  t h e  out- 
put has s tabi l ized,  i t  should be a t  zero  or at a very l o w  l e v e l .  The 
func t ion  genera tor ,  set t o  2.9 Hz, is  then connected t o  the  junc t ion  of 
R13 and C19. 
-
The generator  amplitude i s  set t o  obta in  a 2 t o  4 V peak-to-peak 
f i l t e r  output on t h e  scope. R17 is adjusted c a r e f u l l y  f o r  maximum out- 
put and, as the  output approaches 10  V peak t o  peak, t he  generator  l e v e l  
i s  reduced. I f ,  a t  any t i m e ,  t h e  output increases  t o  a l a r g e  va lue ,  the  
SEL- 7 0- 035 50 
generator  connection should be removed t o  check f o r  o s c i l l a t i o n .  If os- 
Ciliation is p resen t ,  R21 should again be decreased u n t i l  the  output 
j u s t  begins t o  decrease.  This process should be continued u n t i l  a maxi- 
mum-output point  is  obtained w i t h  R17, and R21 i s  j u s t  below t h e  point  of 
o s c i l l a t i o n .  
-
If a func t ion  generator  is  not being used, t he  antenna r o t a t o r  must  
be placed i n  opera t ion ;  t h e  gearbox must be f i l l e d  w i t h  t h e  co r rec t  grade 
of l ub r i can t .  A cable  i s  connected between t h e  antenna re ference  switch 
and the receiver/phase-meter re ference  input .  With t h e  r o t a t o r  i n  opera- 
t i o n ,  t h e  reference-input  connector is  checked f o r  5 V pu lses  a t  a 2.91 
Hz rate. If pulses  are not  present  or i f  they occur a t  ha l f  t h e  co r rec t  
ra te ,  r epos i t i on ing  of the  reference-switch bracket is indicated.  A 
1,000 pF capac i tor  i s  connected temporar i ly  between t h e  reference-input 
connector and t h e  junc t ion  of  R13 and C19, and R17 and R21 a r e  ad jus ted ,  
as described above. T h i s  method should produce a maximum output of 4 
t o  6 V peak t o  peak when proper ly  tuned. 
With s i g n a l s  present  a t  both t h e  f i l t e r  and t h e  re ference  inpu t ,  
and the  mode swi tch  i n  the  opera te  p o s i t i o n ,  rectangular  pulses  should 
be checked a t  jumper J1. The width of t h e  pulse  i s  dependent on t h e  
r e l a t i v e  phase of t h e  two inputs  and on t h e  phase s h i f t  through t h e  ac- 
t i v e  f i l t e r .  I f  the mode swi tch  is  set i n  each of t h e  two c a l i b r a t e  
pos i t i ons ,  the d c  l e v e l  a t  J1 assumes a s teady value equal t o  t ha t  of 
the  maximum and minimum pulse  amplitudes. With the  mode switch i n  t h e  
CAL 2 p o s i t i o n ,  t h e  dc  l e v e l  should be checked a t  t h e  phase-output con- 
nec tor ;  t h i s  output  should be ad jus t ab le  t o  zero ,  using t h e  balance con- 
t r o l  R38. With t h e  mode switch i n  t h e  CAL 1 pos i t i on ,  t he  output may 
be adjusted over a range of -2 t o  -10 V ,  us ing t h e  l e v e l  con t ro l  R36. 
In  normal opera t ion ,  t h i s  procedure is  used t o  c a l i b r a t e  t h e  output at  
t h e  O m  and 180' l e v e l s  so as t o  cover the  desired amount of recorder- 
cha r t  span. 
D. Po la r i za t ion  Ca l ib ra t ion  
To measure absolu te  po la r i za t ion ,  t h e  complete system must be c a l i -  
b ra t ed ,  using a re ference  d ipole  and a s i g n a l  generator .  It is desirable,  
however, f i r s t  t o  p lace  t h e  complete system i n  operat ion,  r e ly ing  on the  
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sa t e l l i t e  t o  provide an ind ica t ion  of t h e  normal operat ing s igna l  l e v e l .  
Af te r  t h i s  is  obtained,  t h e  antenna boom is swung t o  a hor izonta l  posi- 
t i o n ,  po in t ing  a t  a ve r t i ca l - r e fe rence  d ipo le  located approximately 30 
f t  away. The s ignal-generator  l e v e l  is adjusted i n t o  t h e  re ference  an- 
tenna t o  obta in  the  same s igna l -s t rength  ind ica t ion  f r o m  t h e  r ece ive r  
as was seen when observing t h e  satel l i te .  The phase meter is  connected 
t o  a recorder or voltimeter and t h e  two end po in t s  are calibrated. The 
output l e v e l  then seen, w i t h  t h e  mode swi tch  i n  opera te ,  r ep resen t s  the 
measured po la r i za t ion  angle.  
\ 
The re ference  used a t  Stanford is  t h a t  v e r t i c a l  po la r i za t ion  equals  
90° as measured by t h e  phase meter, which is 
brated end poin ts .  Adjustment is  ef fec ted  by r o t a t i o n  of t h e  antenna 
boom on the shaft-to-boom coupling. 
way between t h e  two cal i -  
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Chapter V I  
OPERAT I ON 
A. S i t i n g  
The choice of an opera t ing  loca t ion  is  dependent on a number of fac- 
t o r s .  Ionospheric s t u d i e s  r equ i r ing  data from a given raypath or sub- 
ionospheric  point  impose the  prime cons t r a in t  on t h e  s e l e c t i o n  of a s i t e ;  
determinat ion of the  ground loca t ion  and look angles  required is presented 
i n  t h e  Appendix. When the  genera l  a r ea  is  determined, cons idera t ion  
should be given t o  a s p e c i f i c  s i t e  t h a t  provides a c l e a r  view of t he  sat- 
e l l i t e  t o  minimize r e f l e c t i o n  problems and an absence of man-made noise  
genera tors  (power l i n e s ,  busy highways, r o t a t i n g  machinery, e t c . ) .  Ad- 
vantage can be taken of ex is t ing  sh ie ld ing ,  such as bui ld ings  and h i l l s ,  
by p lac ing  t h e  antenna i n  f r o n t  of them. Improved s t a b i l i t y  w i l l  r e s u l t  
if t h e  receiver /phase meter i s  i n s t a l l e d  i n  a room-temperature environ- 
ment. 
B. Antenna 
After e r e c t i o n  of the antenna assembly and f i n a l  placement, t h e  
t r i pod  f e e t  should be anchored, using 18 i n .  s t akes  i f  t h e  preva i l ing  
wind v e l o c i t i e s  are high. Or ien ta t ion  of  t h e  antenna t o  t h e  proper look 
angles  is  accomplished w i t h  a compass (cor rec t ing  f o r  magnetic v a r i a t i o n )  
and an e l eva t ion  t r a n s i t  or pro t r ac to r  and l eve l .  The gearbox o i l  l e v e l  
should be checked p r i o r  t o  antenna r o t a t i o n .  
C .  Receiver 
With t he  antenna i n  opera t ion  and interconnect ing cables  i n s t a l l e d ,  
t h e  s a t e l l i t e  should be heard i n  t h e  r ece ive r .  S l igh t  adjustment of LA 
on board €33 may be necessary t o  center  t h e  s i g n a l  i n  t h e  rece iver  pass- 
band. The necess i ty  of t h i s  adjustment  is  d i c t a t e d  pr imari ly  by t h e  
accuracy of t h e  crystals  used i n  t h e  two conversion o s c i l l a t o r s .  I f  the  
s igna l -s t rength  meter ind ica t e s  a very low l e v e l  or overload, pad resis- 
t o r s  R47, R48, and R49 should be changed. N o r m a l  meter l e v e l s  a r e  between 
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1 and 5.  I f  WWV r ecep t ion  is t o  be u t i l i z e d ,  a s u i t a b l e  10  MHz antenna 
should be erected and connected t o  the  r ece ive r .  
D. Phase Meter 
The fol lowing f a c t o r s  must be considered when s e l e c t i n g  a s t r ip -cha r t  
recorder: 
(1) a f u l l - s c a l e  s e n s i t i v i t y  between 1 and 10  V 
(2) a char t  speed between 1 and 6 in./hour,  dependent 
(3) good constant  speed characteristics and/or provis ions 
(4) two channels,  i f  amplitude recording i s  d e s i r e d  (a 
(5) a r e l i a b l e  w r i t i n g  system 
on t ime-resolution requirements 
f o r  ex te rna l  t iming s i g n a l s  
f l o a t i n g  input  i s  necessary f o r  amplitude recording)  
The output sense of t h e  phase meter may be changed i n  two ways. I f  t h e  
recorder  has a f l o a t i n g  inpu t ,  the  input connections are r e v e r s e d ;  i f  a 
f ixed-input  recorder  i s  used, jumper J1 is  changed t o  t h e  o ther  pos i t ion .  
J1 i s  located on t h e  mother board,  and i t s  two connections a r e  X1 t o  X2 
or X1 t o  X3. 
The phase meter is  ca l ib ra t ed  by  p lac ing  the mode swi tch  i n  the  two 
c a l i b r a t e  pos i t i ons  and ad jus t ing  t h e  l e v e l  and balance con t ro l s  t o  place 
the  recorder  pen a t  t h e  d e s i r e d  end poin ts  on the  char t .  I f  jumper J1 
is connected between X1 and X3, t he  balance cont ro l  is adjusted when t h e  
mode switch is i n  t h e  CALZposition and the  l e v e l  con t ro l  is used when 
i n  t h e  CAL 1 pos i t i on .  When J1 is connected between X1 and X2, the  two 
c o n t r o l s  are adjusted when i n  t h e  opposi te  CAL pos i t i ons .  This adjustment 
procedure should be repeated seve ra l  t i m e s  because t h e  two con t ro l s  in- 
teract, The time-constant switch should be l e f t  i n  t he  low pos i t i on  f o r  
t h e  bes t  record d e t a i l ;  however, i n  the case  of extreme noise ,  a b e t t e r  
record w i l l  be produced by us ing  t h e  H1 pos i t ion .  
E. Timing 
Record-timing information i s  almost as important as the  data. Ob- 
t a i n i n g  accura te  and frequent  t i m e  information on t h e  chart  should be  
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emphasized. A problem arises when the  primary power f a i l s  or t h e  recorder  
paper jams because t h e  r e l a t i o n s h i p  of char t  length t o  r e a l  t i m e  is  l o s t .  
Dependence on t h e  recorder  constant-speed c h a r a c t e r i s t i c s  is  s a t i s f a c t o r y  
if frequent  t i m e  d a t a  are placed on the cha r t  manually or by a r e l i a b l e  
automatic sys t em;  i f  power outages are infrequent  and the recorder  proves 
t o  be r e l i a b l e ,  once-a-day t i m e  marks are s u f f i c i e n t .  Accuracy of man- 
u a l l y  placed t i m e  marks may be ensured by use o f  t h e  WWV recept ion  capa- 
b i l i t y  of t h e  r ece ive r .  
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Chapter VI1 
FUTURE DEVELOPiVENT 
Field use of t h i s  sys t em has indica ted  t h e  need of add i t iona l  develop- 
ment i n  t h e  following areas. 
(1) An accessory i s  needed t o  provide automatic c a l i b r a t i o n  
a t  r egu la r  i n t e r v a l s  t o  enable  the  user  t o  account f o r  
small s h i f t s  i n  phase c a l i b r a t i o n  and t o  fu rn i sh  a d d i -  
t iona l  t iming inf  ormat ion  f o r  ex tended unattended opera- 
t i o n .  
(2) A phase meter with an input  range of 3000° would be 
(3) A d i g i t a l  recording system would be advantageous t o  
expedient t o  supply an unambiguous d iu rna l  record.  
allow direct  computer processing of  l a r g e  amounts of  
data.  
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Chapter V I 1 1  
PARTS LIST 
A .  Antenna System 
Designation 
Antenna boom 
Antenna elements 
Element  f i t t i n g s  
F i t t i n g  coupling 
D r i p  r i n g  
Drip-ring c o l l a r  
Shaft/boom coupling 
Rotary- j o i n t  bracket 
Reference switch 
bracket 
Rotator p l a t e  
Quan t i ty  D e s  cr i p  t ion  
66" 1-1/4" OD 
.049 w a l l  aluminum tube 
158" 1/4" OD 
.049 w a l l  aluminum tube 
8 ea Cord-cable g r i p  
4 ea 1/4" NPT aluminum 
coupling 3/4" OD X 7/8" 
1 ong 
1 ea 4-1/2 X 4-1/2 X .062 
bras s  shee t  
3/4" 1-1/2" OD 
.125 w a l l  b r a s s  tube 
3-5/8" 1-5/8" QD brass  rod 
4-1/4" 1" X 1/2" X ,125 
aluminum angle  
1 ea  1" X 2-3/$'X ,040 
aluminum sheet 
1 ea 10" X 10-1/2" X .250 
6061-T6 aluminum p l a t e  
Ven t i l a t ion  screen 1 ea 3" X 10-1/2"X .050 
perf or at e d  aluminum 
sheet  
Mounting head 8-1/2" 2" IPS aluminum pipe 
Mounting-head ears 1 ea 6" X 2" X .250 
and plugs aluminum p l a t e  
Tripod m a s t  72" 1.9" OD - 1.5 I D  
6061-T6 aluminum pipe 
Manufacturer 
Mod e 1/Type 
Pyle National 
#DB44 31 6 
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Designation Quan t i ty  Descr ipt ion Manufacturer 
Model/TvDe 
Tripod l egs  and 3 67- 1 /2" 
braces  
1-1/2" x 1-1/217 x 
3/16" aluminum angle  
1-1/2" X 2" X 3/16'' 
aluminum p l a t e  
Tripod-mast 
bracke ts  
6 ea 
T r  i pod- head angles  7 1-1/2" X 2-1/2" X 3/16" 
aluminum angle  
10" X 10" X .250 
aluminum p l a t e  
Tripod foo t  3 ea 
Tripod- foo t  
bracke ts  
6 'I 1-1/2 X 1-1/2 X 3/16" 
aluminum angle  
30-1/2 X 28-1/2 X .062 
aluminum shee t  
Rot a t  or cover 1 ea 
Cover bracke ts  36" 1/2" X 1/2" X .062 
aluminum angle 
4-3/4" X 12-1/2" X .062 
aluminum sheet  
Cover d r i p  cap 1 ea 
3" X 3" X -062 
aluminum sheet  
Cover weather p l a t e  1 ea 
Pos i t ion ing  a r m  42 'I 1-1/4" OD - -125 w a l l  
aluminum tube 
1 - 1 /4 I' s t a i n l  e s s - s t ee 1 
hose clamp 
Antenna clamp 1 ea 
1-1/8" snap plug Boom-end cap 
Rotator 
1 ea 
1 ea 1/12 HP motor with in- Boston Ratiomotor 
t e g r a l  2 0 : l  gear box M109-20-AAS 
Reference switch 1 ea 
Actuating magnet 2 ea 
Magnet c a r r i e r  2 ea 
SPST reed switch Hamlin MRR-2-3.85 
permanent magnets Hamlin H-33-606 
1/4" OD X 1" #4 
threaded brass  spacers  
1/4" OD X 1/8" I D  X 1" 
Bakel i te  spacer 
Switch housing 1 ea 
1/4" p l a s t  ic-cable  clamp Switch clamp 1 ea 
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D e s  i gnat ion  
Switch connector 
Rotary j o i n t  
Quant it y 
1 ea  
31 i n .  2 
Descript ion Manufacturer 
Mod e 1 /TvDe 
BNC panel connector Amphenol 74868 
1/8" G-10 copper- 
clad laminate 
BNC panel connector J o i n t  connectors 
Jo  i n t  c apac i t or s 
2 ea 
2 ea 
Amphenol 74868 
15-60 pF ceramic 
t r immer 
E r i e  5 3 8- 01 6- P3PO- 
112R 
36" Antenna f eed l ine  RG-l74/U coaxia l  
cab le  
36 I n t e r  connect ing  
cables  
RG-55/U coaxia l  cab le  
Cable connectors 4 ea  BNC crimp-type f o r  
RG-55/U 
Ampheno 1 
309- 36 875 
BNC f o r  RG174/U 
cable  
Amphenol 69475 Feedl ine connector 1 ea 
Cable connectors 2 ea  Type "N" for 
RG-55/U 
Amphenol 34027 
Type 'IN" bulkhead 
adapter  
Cable feedthrough 2 ea  Amphenol 91100 
1 ea 3 w i r e  #16 l i n e  cord 
10 f t  
Line cord 
Line-cord clamp 1 ea Threaded conduit - cable  
clamp 
Preamplif ier  1 ea 
2 ea 
Dual-gate MOSFET-type 
f o r  137 MHz 
Vanguard 
Labor a t  or i e s  
1/2" x 1/2" steel 
angle  bracke ts  
Preamplif ier  
bracke ts  
Nytronics DD-47 
CRL DD-102 
Pr e amp1 i f i er 
power choke 
1 ea .47@ molded AF choke 
.001 pF d i s k  ceramic 
capac i tor  
Preamplif ier  
d c  blocking 
1 ea 
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B. Receiver/Phase Meter 
Designation Des cr i 5) t ion  Manufacturer ModelfType 
B1, B2 
B3 
c1 
c2 
c3 
c4 
c5 
C6 
c7 
C8 
c9 
c10 
c11 
c12 
C13 
C14 
C15 
C16 
C17 
C18 
c19 
c20 
VHF conver te r ,  137.35 t o  10.00 MHz Vanguard Model 407 
HF converter ,  10.00 t o  .455 MHz Vanguard Model 306 
.001 pF d i s k  ceramic capac i tor  CRL-DD-102 
Same as C1 
130 pF dipped silver-mica 
capac i tor  
Not used 
330 pF dipped s i lver-mica 
capac i tor  
Same as C3 
.01 pF d i s k  ceramic capac i tor  CRL DD-103 
.1 pF 20 V d i s k  ceramic capac i tor  CRL UK-20-104 
1 pl? 25 V e l e c t r o l y t i c  capac i tor  Sprague TL-1200 
.2 pF 20 d i s k  ceramic capac i tor  CRL UK-20-204 
25 pF 16 V e l e c t r o l y t i c  capac i tor  Sprague TL-1157.1 
Same as C7 
5 pF 16 V e l e c t r o l y t i c  capac i tor  Sprague TL-1152 
Same as C7 
Same as C11 
same as C13 
Same as CS 
Same as CS 
Sane as C8 
1 pF 35 V tantalum capac i tor  
CDE CD7CD131 GO3 
CDE CD15 FD331JO3 
Spr ague 150D-105- 
903-AZ 
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Designation Descr i D t  ion Manufacturer Model/Type 
c21 Same as  C 2 0  
500 pF d i s k  ceramic capacitor CRL DD-501 c22 
C 2 3  
C24 
50 pF d i s k  ceramic capacitor CRL- DD- 500 
.05 pF 20 V d i s k  ceramic capacitor CRL UK-20-503 
Same as C7 C 2 5  
C26  Same as C7 
Sprague TL-1133 C27  
C2  8 
50 pF 12 V e lec t ro ly t ic  capacitor 
Same as C22 
Same as C23 
500 pF 25 V e lec t ro ly t ic  capacitor Sprague TL-1217 
C2  9 
C 3  0 
c31 
C 3 2  
Same as C11 
Same as C 1 1  
c33 Same as C 1 1  
c34 
c35 
Same as C 3 0  
Not used 
C36 100 pF 16 V e lec t ro ly t ic  capacitor Sprague TL-1162 
1 0  pF 12 V e lec t ro ly t ic  capacitor Sprague TL-1128 c37 
C 3 8  Same as  C 1 3  
100 pF 15 V e lec t ro ly t ic  capacitor Mallory MTV-100 
CF15 
c3 9 
300 pF 10 V e lec t ro ly t ic  capacitor Mallory MTV-300 
DE1 0 
C4 0 
D 1  
D2 
D3 
D4 
Silicon diode Sylvania 1N457A 
Same as D1 
Same as D1 
Same as D1 
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Descr ip t ion  Manufacturer Mod e l/Type 
D e  s i  ana t  i on  
D5 
D6 
D7 
D 8  
Same as D 1  
12 V 50 W zener d iode  
12 V 1 W zener diode 
I R  1 N 3 1 1  
I R  1N4742 
I R  IN4736 
Motorola MDA 920-3 
6 .8  V 1 W zener diode 
D9 Diode-bridge assembly 
F1 
FL1 
AGC 1/4 amp fuse  
2.1 kHz mechanical f i l t e r  Co l l in s  F455 FA21 
National LM372 
RCA CA3020A 
Motorola MC 1437L 
I c1 
IC2 
I C 3  
In tegra ted  IF  ampl i f ie r  
In tegra ted  AF ampl i f ie r  
Integrated dual-operat ional  
amp1 i f  ier 
Fa i rch i ld  DTpL 9935 
Fa i rch i ld  pA 741C 
Simpson 1921 
RCA 40673 
Motorola MPF 105 
I C4 
IC5 
In tegra ted  DTL hex i n v e r t e r  
I n t  egr  a t  ed  oper a t  i o n a l  amp1 i f ier 
0 t o  1 mA edge panel meter M 1  
Q1 
Q2 
Dual-gate MOSFET 
FET 
Same as Q2 Q3 
.47 pH RF choke 
39 R 1/4 W 10% carbon r e s i s t o r  
Nytronics DD- .47 RFC 
R 1  
Same as R 1  
10  R 1/4 W 10% carbon r e s i s t o r  
R2 
R 3  
R4 Not used 
R5 
R6 
R7 
Not used 
1 kR 1/4 W 10% carbon r e s i s t o r  
10  kR No. 1 tape r  potentiometer with 
SPST switch 
Mallory MLC-4AS 
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Designation 
R 8  
R 9  
R 1 0  
R 1 1  
R12  
R 1 3  
R 1 4  
R 1 5  
R 1 6  
R 1 7  
R 1 8  
R 1 9  
R 2 0  
R 2 1  
R 2 2  
R 2 3  
R 2 4  
R 2 5  
R 2 6  
R 2 7  
R2  8 
R2  9 
R 3 0  
R 3 1  
DescriDtion Manufacturer Model/Type 
470 kR 1/4 W 10% carbon r e s i s t o r  
4.7 kR 1/4 W 10% carbon resistor 
1 R 1/2 W 5% carbon r e s i s t o r  
Same as R 6  
180 R 1/4 W 10% carbon r e s i s t o r  
220 k R  1/4 W 10R carbon resistor 
Same as R 1 3  
3.9 k R  1/4 W 10% carbon r e s i s t o r  
24.3 kR 1/8 W 1% metal-fi lm r e s i s t o r  
50 kR/50 k R  1/2 W dual- t r im potent i -  Bourns 209L 
ometer 
Same as R 1 6  
1.5 ki2 1/4 W 10% carbon r e s i s t o r  
15 k R  1/4 W 10% carbon r e s i s t o r  
1 kR 1/2 W 10% t r i m  potentiometer 
6 .8  kR 1/4 W 10% carbon r e s i s t o r  
10  kR 1/4 W 10% carbon r e s i s t o r  
Same as R 1 3  
Same as R 2 3  
Same as R6  
Same as R 2 3  
Same as R 1 3  
N o t  used 
22 kR 1/4 W 10% carbon r e s i s t o r  
Same as R 2 3  
IRC CEA T-0 24.3K 
IRC 450-20 
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Designat ion  
R32 
R33 
R34 
R35 
R36 
R37 
R3 8 
R3 9 
R4 0 
R41 
R42 
R43 
R44 
R45 
R46 
R47 
R4 8 
R4 9 
R5 0 
R5 1 
R52 
Descript ion 
22 k R  1/4 W 10% carbon r e s i s t o r  
33 k R  1/4 W 10% carbon r e s i s t o r  
Same as R23 
Manufacturer 
Mod e l / T V D e  
Same as R19 
100 k R  No. 4 t ape r  potentiometer Mallory M L C  15L 
Same as R9 
10 kR No. 4 taper potentiometer Mallory M L C  14L 
802 R 1/4 W 10% carbon r e s i s t o r  
330 R 1/4 W 10% carbon resistor 
Same as R39 
470 R 1/4 W 10% carbon r e s i s t o r  
100 fl 11’4 W 10% carbon r e s i s t o r  
20 R 5 w 10% power resistor 
120 R 1 W 10% carbon r e s i s t o r  
Same as R21 
47 R 11’4 W 10% carbon r e s i s t o r  
2.7 R 1/4 W 10% carbon r e s i s t o r  
Same as R47 
Same as R42 
150 kR 1/4 W 10% carbon r e s i s t o r  
82 k R  1/4 W 10% carbon r e s i s t o r  
R5 3 
R54 Not used 
R55 Not used 
R56 Not used 
1.8 k R  1/4 W 10% carbon resistor 
IRC PW-5 
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,Designation Descr ipt ion 
R57 Same a s  R40 
R5 8 330 $1 1/2 W 10% carbon resistor 
s1 3P3P r o t a r y  s w i t c h  
s 2  Pa r t  of R7 
s3 SPDT toggle  s w i t c h  
s4 Same as 53 
T1 Power transformer 
T2 Aud io-ou t p u t  transformer 
Cabinet 3-1/2" X 12" X 9" aluminum cabinet  
Coaxial BNC panel connectors ,  4 ea 
connectors 
+ amplitude Red binding pos t  
connect or 
- amplitude Black binding pos t  
connect or 
Binding post  
Alignment Spacing p l a t e  f o r  double ban- 
p l a t e  ana and plug 
Board 12" X 1/2" X 1/2" X .062 aluminum 
bracke ts  angle  
Panel bushing 1/4" OD panel bushing f o r  1/8" 
s h a f t ,  3 ea 
Control knob 1/8" s h a f t  knob, 3 ea 
Fuse holder AGC-type fuseholder  
Bushing P l a s t i c  bushing for 3 - w i r e  
l inecord 
IC2 hea t  Finned heat  s ink  f o r  TO-5 can 
s ink  
Manufacturer 
Model/Type 
Alcoswitch MRA-3-3 
Alcoswitch MST-115D 
TRIAD F-91X 
TRIAD TY-31X 
Moduline MCP-3129 
Amphenol 74868 
Johnson 111-102 
Johnson 111-103 
Johnson 111-20 
Smith 184 
Smith 2396 
L i t t l e f u s e  342004 
Wakefield N F  215 
Line Cord 3 w i r e  No.  18 l i n e  cord 
67 SEL- 70- 035 
Designation Descr i p t  ion 
Speaker 
Speaker 
g r i l l  
C i r c u i t  
board 
Coaxial  
cab le  
SEL- 7 0- 03 5 
2-1/2" square 4 0  speaker 
3" X 3" X .040 perforated 
aluminum 
6" X 12" x 1/8" G-10 laminate 
two-side c l a d  wi th  2 oz copper 
36'' RG-l74/U coaxia l  cable  
68 
Manufacturer 
Mod el/Type 
Quam 25A07 
Appendix 
ANTENNA POINTING ANGLE AND SUBIONOSPHERIC POINT CALCULATION 
To f ind t h e  subionospheric-point l a t i t u d e  and longi tude and t h e  re- 
ce iv ing  antenna e l eva t ion  and azimuth, t h e  following sequent ia l  s t e p s  
should be executed. 
(1) cos k = cos i cos j + s i n  i s i n  j cos h 
goo < m < 180' s i n  h s i n  j s i n  k (2)  s i n  m = 
(3) w = 360' - m = antenna azimuth 
z 2 
(4)  n = [2g -I- 2ge + e2 - cos k (2g2 + 2ge)] 
s i n  k (g+e) x = antenna e l eva t ion  (5) cos x = n 
(6) p = 180° - m 
t a n  d (7) t a n  q - cos p 
g cos x (8) s i n  r = 
g + f  
( 9 ) s = q + x + r - 9 0 °  
(10) cos t = s i n  p cos d 
(11) s i n  y = s i n  s s i n  t y = subionospheric-point l a t i t u d e  
(12) t an  u = t a n  s cos t 
(13) t an  v = t a n  p s i n  d 
(14) z = c i (v-u) = subionospheric-point longi tude 
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where 
a = subsa te l l i t e -po in t  longi tude 
b = subsa te l l i t e -po in t  l a t i t u d e  
c = r e c e i v e r - s i t e  longi tude 
d = r e c e i v e r - s i t e  l a t i t u d e  
e = sa t e l l i t e  a l t i t u d e  
f = ionospheric  he ight  
g = e a r t h  r ad ius  = 6370 km 
h = a - c  
i = 90' - d 
j = 90° - b 
SEL-70-035 70 
